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APPARATUS AND METHOD FOR
TRANSMITTING PREAMBLE IN A
WIRELESS COMMUNICATION SYSTEM

PRIORITY

This application claims the benefit under 35 U.S.C. §119
(a) of a Korean patent application filed in the Korean Intel-
lectual Property Office on Jun. 26, 2009 and assigned Serial
No. 10-2009-0057927, of a Korean patent application filed in
the Korean Intellectual Property Office on Jul. 31, 2009 and
assigned Serial No. 10-2009-0070662, and of a Korean patent
application filed in the Korean Intellectual Property Office on
Dec. 18, 2009 and assigned Serial No. 10-2009-0126858, the
entire disclosures of all of which are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a preamble of a wireless
communication system. More particularly, the present inven-
tion relates to an apparatus and method for reducing a Peak to
Average Power Ratio (PAPR) of a Secondary Advanced (SA)
preamble for distinguishing a cell IDentifier (ID) in an
Orthogonal Frequency Division Multiplexing (OFDM) wire-
less communication system.

2. Description of the Related Art

Many wireless communication technologies have been
proposed as candidates to provide high speed mobile com-
munication. Among these, the OFDM scheme is now recog-
nized as a next-generation wireless communication technol-
ogy. The OFDM scheme is a scheme of transmitting data
using multiple carriers. However, in the case of using the
OFDM scheme, there is a problem in that a transmit end has
a high PAPR characteristic because it transmits one data
stream through a plurality of subcarriers.

In the case of using the OFDM scheme, a Base Station (BS)
transmits a synchronization channel for time synchronization
and BS identification to a Mobile Station (MS). Here, the
synchronization channel is called a preamble.

Through the synchronization channel received from the
BS, the MS can acquire the time synchronization with the BS,
and distinguish the BS to which the MS belongs. For
example, the Institute of Electrical and Electronics Engineers
(IEEE) 802.16m standard, which adopts the OFDM technol-
ogy, makes use of a Primary Advanced (PA) preamble and an
SA preamble. Here, the PA preamble is used for the time
synchronization and the SA preamble is used for the BS
identification.

In a case in which a BS transmits an SA preamble for time
synchronization of the BS and BS identification as above, the
BS converts a sequence constituting the preamble into an
OFDM symbol and transmits the OFDM symbol. Thus, there
is a problem that a PAPR of an SA preamble transmitted by
the BS is high.

SUMMARY OF THE INVENTION

An aspect of the present invention is to address at least the
above-mentioned problems and/or disadvantages and to pro-
vide at least the advantages described below. Accordingly, an
aspect of the present invention is to provide an apparatus and
method for reducing a Peak to Average Power Ratio (PAPR)
of'a Secondary Advanced (SA) preamble in a wireless com-
munication system.

10

15

20

25

30

35

40

45

50

55

60

65

2

Another aspect of the present invention is to provide an
apparatus and method for designing a Block Cover Sequence
(BCS) for reducing a PAPR of an SA preamble in a wireless
communication system.

Another aspect of the present invention is to provide an
apparatus and method for designing a BCS for reducing a
PAPR of an SA preamble in case of applying Tone Dropping
(TD) in a wireless communication system.

The above aspects are addressed by providing an apparatus
and method for transmitting a preamble in a wireless com-
munication system.

In accordance with an aspect of the present invention, a
method for transmitting an SA preamble in a wireless com-
munication system is provided. The method includes deter-
mining an SA preamble, constructed in a unit of subblocks,
according to a frequency band to be used for transmitting
information, determining a sequence for reducing a PAPR of
the SA preamble in consideration of at least one of a fre-
quency band, a segment IDentifier (ID), and the number of
antennas transmitting the SA preamble, updating the SA pre-
amble using the determined sequence, and transmitting the
updated SA preamble to a receive end.

In accordance with another aspect of the present invention,
an apparatus for transmitting an SA preamble in a wireless
communication system is provided. The apparatus includes a
preamble generator, a sequence generator, a controller, and a
transmitter. The preamble generator determines an SA pre-
amble, constructed in a unit of subblocks, according to a
frequency band to be used for transmitting information. The
sequence generator determines a sequence for reducing a
PAPR of the SA preamble in consideration of at least one of
a frequency band, a segment ID, and the number of antennas
transmitting the SA preamble. The controller updates the SA
preamble using the determined sequence. The transmitter
transmits the updated SA preamble to a receive end.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled in the art from
the following detailed description, which, taken in conjunc-
tion with the annexed drawings, discloses exemplary embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a construction of a Second-
ary Advanced (SA) preamble in a wireless communication
system according to an exemplary embodiment of the present
invention;

FIG. 2 is a diagram illustrating a construction of an SA
preamble in a case in which Tone Dropping (TD) is used in a
wireless communication system according to an exemplary
embodiment of the present invention;

FIG. 3 is a flowchart illustrating a procedure for transmit-
ting an SA preamble in a wireless communication system
according to an exemplary embodiment of the present inven-
tion; and

FIG. 4 is a block diagram illustrating a construction of a
transmit end for transmitting an SA preamble according to an
exemplary embodiment of the present invention.

Throughout the drawings, it should be noted that like ref-
erence numbers are used to depict the same or similar ele-
ments, features, and structures.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following description with reference to the accompa-
nying drawings is provided to assist in a comprehensive
understanding of exemplary embodiments of the invention as
defined by the claims and their equivalents. It includes vari-
ous specific details to assist in that understanding but these are
to be regarded as merely exemplary. Accordingly, those of
ordinary skill in the art will recognize that various changes
and modifications of the embodiments described herein can
be made without departing from the scope and spirit of the
invention. Also, descriptions of well-known functions and
constructions are omitted for clarity and conciseness.

The terms and words used in the following description and
claims are not limited to the bibliographical meanings, but,
are merely used by the inventor to enable a clear and consis-
tent understanding of the invention. Accordingly, it should be
apparent to those skilled in the art that the following descrip-
tion of exemplary embodiments of the present invention are
provided for illustration purpose only and not for the purpose
of limiting the invention as defined by the appended claims
and their equivalents.

It is to be understood that the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, reference to “a compo-
nent surface” includes reference to one or more of such sur-
faces.

By the term “substantially” it is meant that the recited
characteristic, parameter, or value need not be achieved
exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accu-
racy limitations and other factors known to those of skill in the
art, may occur in amounts that do not preclude the effect the
characteristic was intended to provide.

A technology for reducing a Peak to Average Power Ratio
(PAPR) of a Secondary Advanced (SA) preamble in a wire-
less communication system, according to an exemplary
embodiment of the present invention, is described below.

The following description is made on the assumption that a
wireless communication system uses the Institute of Electri-
cal and Electronics Engineers (IEEE) 802.16m standard, but
an exemplary embodiment of the present invention is identi-
cally applicable to other wireless communication systems
employing Orthogonal Frequency Division Multiplexing
(OFDM).

The following description is made on the assumption that a
wireless communication system uses a 512-size Fast Fourier
Transform (FFT) in a case in which a frequency band of 5
MHz is used, uses a 1024-size FFT in a case in which a
frequency band of 10 MHz is used, and uses a 2048-size FFT
in a case in which a frequency band of 20 MHz is used. Thus,
in the following description, an FFT size corresponds to a
certain frequency band.

The following description, the frequency band and a chan-
nel bandwidth are used in the same meaning.

FIG. 1 is a diagram illustrating a construction of an SA
preamble in a wireless communication system according to
an exemplary embodiment of the present invention.

Referring to FIG. 1, in a case in which an FFT size is ‘5127,
an SA preamble 100 is composed of 8 subblocks (a, b, ¢, d, e,
f, g, and h). Here, each subblock is comprised of a binary
sequence or a quaternary sequence. For example, in a case in
which each subblock is comprised of a binary sequence, the
binary sequence may have a length of ‘18°. For another
example, in a case in which each subblock is comprised of a
quaternary sequence, the subblock may be comprised of
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modulated symbols, which are obtained by modulating a
binary sequence in a Quadrature Phase Shift Keying (QPSK)
modulation scheme.

Inacasein which an FFT size is extended, an SA preamble
to be used in the extended-size FFT is constructed by iterating
the 8 subblocks of SA preamble 100. That is, in a case in
which a frequency band is extended, an SA preamble to be
used at the extended frequency band is constructed by iterat-
ing the subblocks ofthe SA preamble 100 used at 5 MHz. For
example, in a case in which the FFT size is extended to
‘1024’, an SA preamble 110 is constructed by a single itera-
tion of the 8 subblocks of the SA preamble 100 used in the
512-FFT size. For another example, in a case in which the
FFT size is extended to ‘2048, an SA preamble 120 is con-
structed by iterating the 8 subblocks of the SA preamble 100
used in the 512-FFT size three times.

As aforementioned, an SA preamble is constructed by
iterating subblocks. In this case, a transmit end designs a
Block Cover Sequence (BCS) for reducing a Peak to Average
Power Ratio (PAPR) of an SA preamble whose subblocks are
iterated, and applies the designed BCS to the SA preamble. In
an exemplary embodiment, each bit of the BCS is applied to
each subblock constituting the SA preamble. Thus, in a case
in which an SA preamble having a 5 MHz bandwidth is
composed of 8 subblocks, a BCS is composed of 8 bits. And,
in a case in which an SA preamble having a 10 MHz band-
width is composed of 16 subblocks, a BCS is composed of 16
bits. In a case in which an SA preamble of a 20 MHz band-
width is composed of 32 subblocks, a BCS is composed of 32
bits.

In consideration of an FFT size, a segment [Dentifier (ID),
and the number of antennas transmitting an SA preamble, the
BCS is designed as shown in Table 1 below.

TABLE 1
FFT, number Segment ID
of antennas 0 1 2
(512, 1) 00 00 00
(512,2) 22 22 37
(512,4) 09 01 07
(512, 8) 00 00 00
(1024, 1) OFFF 555A 000F
(1024, 2) 7373 3030 0000
(1024, 4) 3333 2D2D 2727
(1024, 8) OFOF 0404 0606
(2048, 1) 08691485 1E862658 4D901481
(2048, 2) TF55AA42 4216CC47 3A5A26D9
(2048, 4) 6F73730E 1F30305A 77000013
(2048, 8) 2F333319 0B2D2D03 0127271F

Table 1 shows a hexadecimal representation for the BCS.
For example, in a case in which the FFT size is *512°, the
segment ID is ‘0’, and an SA preamble is transmitted using
one antenna, a BCS for the SA preamble is ‘00’ in hexadeci-
mal representation. Here, the hexadecimal ‘00’ can also be
expressed as a binary ‘00000000°. At this time, a transmit end
applies each bit of the BCS to each subblock constituting the
SA preamble. For example, a first bit ‘0° of the BCS is applied
to a subblock ‘a’ constituting the SA preamble used in the
512-size FFT, a second bit 0’ is applied to a subblock ‘b, a
third bit 0’ is applied to a subblock ‘c’, and so on such that the
transmit end sequentially applies each bit of the BCS to each
subblock constituting the SA preamble.

In a case in which the subblock is comprised of the binary
sequence, the transmit end converts ‘0’ among a sequence
value of each subblock constituting the SA preamble and a bit
value of the BCS into * 1’, and converts the ‘1’ into ‘=1". After
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that, the transmit end multiplies the converted sequence value
of each subblock constituting the SA preamble by the con-
verted bit value of the BCS of the SA preamble to update the
SA preamble, reducing a PAPR of the SA preamble.

On the other hand, in a case in which the subblock is
comprised of the quaternary sequence, the transmit end may
apply each bit of the BCS of the SA preamble to each sub-
block constituting the SA preamble to update the SA pre-
amble, reducing a PAPR of the SA preamble.

By using Tone Dropping (TD), a wireless communication
system can maintain the same subcarrier interval at a different
frequency band.

Generally, an FFT size increases two fold. That is, the FFT
size increases from ‘512’ to ‘1024°, and increases from
<1024 to ‘2048°.

Thus, the wireless communication system is able to main-
tain the same subcarrier interval using a 512-size FFT and a
frequency band of 5 MHz as when using a 1024-size FFT and
a frequency band of 10 MHz.

However, in a case of using a frequency band of 8.75 MHz,
the transmit end cannot transmit information at the 8.75 MHz
band using the 1024-FFT size in the same subcarrier interval
as when using the 5 MHz or 10 MHz band. But, througha TD
scheme, the transmit end can transmit the information at the
8.75 MHz band using the same subcarrier interval as when
using the 5 MHz or 10 MHz band. For example, because the
transmit end using the frequency band of 8.75 MHz transmits
information only for the 8.75 MHz band excepting other
bands at 10 MHz, the transmit end can have the same subcar-
rier interval as when using the 10 MHz band. That is, by
mapping information only to a part corresponding to the
frequency band of 8.75 MHz among an FFT used for infor-
mation transmission, the transmit end can have the same
subcarrier interval as when using the 10 MHz band.

As described above, in a case in which the TD is used, the
transmit end can make use of the SA preamble constructed in
FIG. 1 above, for the sake of BS identification. For example,
in a case in which the used frequency band is equal to or
greater than 5 MHz and is less than 10 MHz, the transmit end
makes use of the SA preamble 100 having the 512-FFT size.
1. Also, in a case in which the used frequency band is equal to
or greater than 10 MHz and is less than 20 MHz, the transmit
end makes use of the SA preamble 110 having the 1024-FFT
size. In this case, the transmit end may make use of the BCS
designed in Table 1 above in orderto reduce a PAPR ofthe SA
preamble 110.

For another example, in a case in which the TD is used, the
transmit end may make use of an SA preamble constructed in
FIG. 2 below.

FIG. 2 is a diagram illustrating a construction of an SA
preamble in a case in which TD is used in a wireless commu-
nication system according to an exemplary embodiment of
the present invention.

Referring to FIG. 2, in a case in which an FFT size is ‘5127,
an SA preamble 200 is composed of 8 subblocks (a, b, ¢, d, e,
f, g, and h). Here, each subblock is comprised of a binary
sequence or a quaternary sequence. For example, in a case in
which each subblock is comprised of a binary sequence, the
binary sequence may have a length of ‘18°. For another
example, in a case in which each subblock is comprised of a
quaternary sequence, the subblock may be composed of
modulated symbols, which are obtained by modulating a
binary sequence in a QPSK modulation scheme.

In a case of using a frequency band greater than 5 MHz and
less than 10 MHz through TD, an SA preamble sequences for
the tone dropping support are obtained by dropping the far-
thest sub-blocks of a second SA preamble 210 form Direct
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Current (DC) subcarrier on both sides. Here, the second SA
preamble 210 used in a 1024-FFT size. However, an SA
preamble having a frequency band applying the TD can be
either expressed in the format of extending an SA preamble of
a low-reference frequency band in a unit of subblock or in the
format of dropping an SA preamble of a high-reference fre-
quency band in a unit of subblock. In more detail, an SA
preamble for a frequency band greater than 5 MHz and less
than 10 MHz using TD can be either expressed in the format
of extending both ends centering around the DC in a unit of
subblock in the first SA preamble 200 used in a 512-FFT size
or in the format of dropping the farthest sub-blocks of both
ends centering around the DC in the second SA preamble 210.
In the following description, an expression is made with
reference to the format of extending in a unit of subblock on
the basis of the first SA preamble 200 but is the same as the
expression of the format of dropping in a unit of subblock on
the basis of the second SA preamble 210. For example, in a
case in which a frequency band is greater than 5 MHz and is
equal to or less than 6.25 MHz, an SA preamble 202 is
constructed by adding one subblock to each of both ends of
the first SA preamble 200. For another example, in a case in
which the frequency band is greater than 6.25 MHz and is
equal to or less than 7.5 MHz, an SA preamble 204 is con-
structed by adding two subblocks to each of both ends of the
first SA preambles 200. For yet another example, in a case in
which the frequency band is greater than 7.5 MHz and is less
than 10 MHz, an SA preamble 206 is constructed by adding
three subblocks to each of both ends of the first SA preamble
200.

In a case in which the FFT size is ‘1024°, the second SA
preamble 210 is constructed by iterating the 8 subblocks
constituting the first SA preamble 200 one time.

In a case of using a frequency band greater than 10 MHz
and less than 20 MHz through TD, the SA preamble
sequences for the tone dropping support are obtained by
dropping the farthest sub-blocks of a third SA preamble 220
form the DC subcarrier on both sides. Here, the third SA
preamble 220 used in a 2048-FFT size. In the following
description, an expression is made of extending in a unit of
subblock on the basis of the second SA preamble 210 but is
the same as the expression of dropping in a unit of subblock
on the basis of the third SA preamble 220. For example, in a
case in which a frequency band is greater than 10 MHz and is
equal to or less than 11.25 MHz, the SA preamble is con-
structed by adding one subblock to each of both ends of the
second SA preamble 210.

In a case in which the FFT size is ‘2048’ the third SA
preamble 220 is constructed by iterating the 8 subblocks
constituting the first SA preamble 200 three times.

In the aforementioned exemplary embodiment of the
present invention, in a case in which TD is used, an SA
preamble is constructed by extending in a unit of two sub-
blocks and therefore, a frequency band is extended in a unit of
1.25 MHz. Thus, frequency bands having a unit of 1.25 MHz
make use of the same SA preamble. In more detail, in a case
in which a frequency band of 7 MHz is used, a frequency band
greater than 6.25 MHz and equal to or less than 7.5 MHz
makes use of the same SA preamble 204 as the frequency
band of 7 MHz.

As described above, in a case in which TD is used, an SA
preamble is dropped in a unit of subblock. Atthis time, the SA
preamble can be represented in the format of extending in a
unit of subblock on the basis of a low-reference SA preamble.
In this case, a transmit end designs a BCS for reducing a
PAPR of the SA preamble, and applies the designed BCS to
the SA preamble. That is, the transmit end applies each bit of
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the BCS to each subblock constituting the SA preamble.
Thus, in a case in which TD is used, the BCS is designed by
extending in a unit of two subblocks. For example, in acase in
which a BCS for the SA preamble 200 of the frequency band
ofMHz is composed of 8 bits, a BCS for the SA preamble 202
used in the frequency band greater than S MHz and equal to or
less than 6.25 MHz is composed of 10 bits. Also, a BCS ofthe
SA preamble 204 used in the frequency band greater than
6.25 MHz and equal to or less than 7.5 MHz is composed of
12 bits. And, a BCS of the SA preamble 206 used in the
frequency band greater than 7.5 MHz and less than 10 MHz is
composed of 14 bits.

As described above, in a case in which TD is used, a BCS
can be composed of 10 bits, 12 bits, or 14 bits depending on
a used frequency band. But, as shown in Table 2 below, the
BCS is expressed by 16 bits. Thus, the BCS is set to a binary
value of ‘0’ for the remaining bits excepting the bits (e.g., 10
bits, 12 bits, or 14 bits) constituting the BCS itself depending
on the used frequency band.

For another example, in a case in which TD is used at a
frequency band of less than 20 MHz, a BCS is extended and
composed of 18 bits, 20 bits, 22 bits, 24 bits, 26 bits, 28 bits,
or 30 bits in the same method as described above. But, as
shown in Table 2 below, the BCS is expressed by 32 bits.
Thus, the BCS is set to a binary value of ‘O’ for the remaining
bits excepting the bits (e.g., 18 bits, 20 bits, 22 bits, 24 bits, 26
bits, 28 bits, or 30 bits) constituting the BCS itself depending
on the used frequency band.

In a case in which TD is used, in consideration of a Band-
Width (BW), a segment ID, and the number of antennas
transmitting an SA preamble, the BCS is designed as shown
in Table 2 below.

TABLE 2
BW,,,,, number Segment ID
of antennas 0 1 2
5,1 00 00 00
(5,2) 33 25 40
5,4) 14 40 51
(5,8) 00 00 00
(6.25,1) 0AA0 OFF8 0008
(6.25,2) 0F68 0650 0458
(6.25,4) 0300 0300 0908
(6.25,8) 0140 0000 0100
(7.5, 1) 000C 1008 0990
(7.5, 2) 0C24 1558 OF58
(7.5,4) 1B08 030C 1904
(7.5, 8) 0140 0400 0510
(8.75,1) 0C10 229A 2554
(8.75,2) 335A 146C 3C10
(8.75,4) 1320 0252 2406
(8.75, 8) 0140 0404 1514
(10, 1) OFFF 555A 000F
(10,2) 7373 3030 0000
(10,4) 2323 5252 0404
(10, 8) 4141 0404 1515
(11.25,1) F7FDCEF3 29D51936 6B59CC03
(11.25,2) 005A0F80 00000000 00000000
(11.25,4) 00AF6AR0 00E65280 00A45900
(11.25,8) 00230000 00A30200 00090800
(12.5,1) AC1AD967 602F7D20 96771160
(12.5,2) 000F7000 01FF0000 00000040
(12.5,4) 00AF6AR0 00E65040 00C45900
(12.5,8) 015B0940 00030C40 01190540
(13.75, 1) 4F56FD74 COF7EEAD 55459EDB
(13.75,2) 012C1BAO 030177A0 02266200
(13.75, 4) 024C2400 03155920 01CF59A0
(13.75, 8) 009B0800 02830D20 02190420
(15, 1) DAD99B4F 96771160 CCF40660
(15,2) 00CC5ABO 015411D0 020E0050
(15,4) 038C2470 02D559C0 048F58D0
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TABLE 2-continued
BW,,.;,,, lumber Segment ID
of antennas 0 1 2
(15, 8) 009B0820 02830D10 06190420
(16.25, 1) 492F4A63 3785F431 AFCB95FD
(16.25, 2) 065A5AD0O 06543808 080F4C50
(16.25, 4) 0D335A70 01146C70 053C10D8
(16.25, 8) 09932018 0D025248 00240640
(17.5,1) DD37B03D 81418C78 A47BAAAY9
(17.5,2) 10C36614 1B553644 0F9A5524
(17.5,4) 19B35A4C 13146C44 03BC1030
(17.5,8) 1223234C 09525248 1B04042C
(18.75, 1) 56849127 TEBE7387 4B958D3A
(18.75, 2) 2BAS5AD4 029C6D58 13590072
(18.75, 4) 3D73734C 0F30306C 2B00000E
(18.75, 8) 05232312 21525272 04040414

Table 2 shows a hexadecimal representation of the BCS.
For example, in a case in which the used BW is 6.25 MHz, the
segment ID is ‘0’, and an SA preamble is transmitted using
one antenna, a BCS of the SA preamble is ‘0AAQ’ in hexa-
decimal representation. Here, the hexadecimal ‘0AAQ’ can be
represented as a binary ‘0000 1010 1010 0000°.

In the aforementioned exemplary embodiment, a transmit
end applies a newly designed BCS to an SA preamble
extended by means of TD.

In accordance with another exemplary embodiment of the
present invention, a transmit end can selectively use a BCS
from the BCS designed in Table 2 above, according to a BW
transmitting an SA preamble or the number of subblocks used
for data transmission. For example, in a case in which a used
frequency band is 10 MHz but a BW transmitting an SA
preamble is 6.25 MHz, the transmit end can make use of a
BCS for 6.25 MHz. For another example, in a case in which
the used frequency band is 10 MHz but the number of sub-
blocks of a transmitted SA preamble is the same as the num-
ber of subblocks corresponding to 6.25 MHz, the transmit end
can make use of a BCS for 6.25 MHz.

The following description is made of an exemplary method
for lowering a PAPR of an SA preamble by means of a BCS
and transmitting the SA preamble in a transmit end.

FIG. 3 is a flowchart illustrating a procedure for transmit-
ting an SA preamble in a wireless communication system
according to an exemplary embodiment of the present inven-
tion.

Referring to FIG. 3, in step 301, the transmit end deter-
mines a sequence of an SA preamble according to a frequency
band to be used for transmitting information. For example, as
illustrated in FI1G. 1, the transmit end iterates subblocks con-
stituting an SA preamble of a 5 MHz band to generate an SA
preamble of a corresponding frequency band. For another
example, as illustrated in FIG. 2, the transmit end obtains SA
preamble sequences for the tone dropping support by drop-
ping the farthest sub-blocks of the reference bandwidth form
the DC subcarrier on both sides.

After determining the sequence of the SA preamble, the
transmit end proceeds to step 303 and identifies an FFT size,
asegment ID, and the number of antennas transmitting the SA
preamble. Here, the FFT size corresponds to a certain fre-
quency band.

After that, the transmit end proceeds to step 305 and deter-
mines if TD has been used.

In a case in which TD has been used, the transmit end
proceeds to step 307 and selects a BCS for reducing a PAPR
of'an SA preamble from the BCS table constructed in Table 2
above, in consideration of an FFT size, a segment ID, and the
number of antennas transmitting the SA preamble.
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On the other hand, in a case in which TD has not been used,
the transmit end proceeds to step 313 and selects a BCS for
reducing a PAPR of an SA preamble from the BCS table
constructed in Table 1 above, in consideration of an FFT size,
a segment ID, and the number of antennas transmitting the SA
preamble.

After selecting the BCS for the SA preamble, the transmit
end proceeds to step 309 and applies each bit constituting the
BCS to each subblock constituting the SA preamble. For
example, if it is assumed that, a frequency band is 5 MHz, the
segment ID is ‘0’, and the SA preamble transmitted using one
antenna is composed of 8 subblocks (a, b, ¢, d, e, f, g, and h),
the BCS has a binary value of 11011110’ At this time, the
transmit end sequentially applies each bit of the BCS to each
subblock constituting the SA preamble. That is, the transmit
end applies a first bit ‘1” of the BCS to a subblock ‘a’ consti-
tuting the SA preamble, applies a second bit ‘1’ to a subblock
‘b’, applies a third bit ‘0’ to a subblock ‘c’, and so on.

After applying the BCS to the SA preamble, the transmit
end proceeds to step 311 and transmits the SA preamble
applying the BCS to a receive end.

After that, the transmit end terminates the procedure
according to the exemplary embodiment of the present inven-
tion.

In the aforementioned exemplary embodiment of the
present invention, a transmit end selects a BCS for reducing a
PAPR of an SA preamble, in consideration of an FFT size, a
segment ID, and the number of antennas transmitting the SA
preamble.

In accordance with another exemplary embodiment of the
present invention, a transmit end may select a BCS for reduc-
ing a PAPR of an SA preamble, in consideration of a BW
transmitting the SA preamble, a segment 1D, and the number
of antennas transmitting the SA preamble.

Inaccordance with a yet another exemplary embodiment of
the present invention, a transmit end may select a BCS for
reducing a PAPR of an SA preamble, in consideration of the
number of subblocks of a transmitted SA preamble, a seg-
ment ID, and the number of antennas transmitting the SA
preamble.

In the case of applying each bit of a BCS to each subblock
constituting an SA preamble as above, a transmit end converts
‘0’ among a sequence value of each subblock constituting the
SA preamble and a bit value of the BCS into ‘1°, and converts
the ‘1’ into ‘-1’. After that, the transmit end multiplies the
converted sequence value of each subblock of the SA pre-
amble by the converted bit value of the BCS of the SA pre-
amble to update the SA preamble, reducing a PAPR of the SA
preamble.

The following description is made of an exemplary trans-
mit end for lowering a PAPR of'an SA preamble by means of
a BCS and transmitting the SA preamble.

FIG. 4 is a block diagram illustrating a construction of a
transmit end for transmitting an SA preamble according to an
exemplary embodiment of the present invention.

Referring to FIG. 4, the transmit end includes a duplexer
400, a receiver 410, a controller 420, and a transmitter 430.

According to a duplexing scheme, the duplexer 400 trans-
mits a transmit signal provided from the transmitter 430
through an antenna, and provides a receive signal from the
antenna to the receiver 410.

The receiver 410 includes a Radio Frequency (RF) proces-
sor 411, an Analog to Digital Converter (ADC) 413, an
OFDM demodulator 415, and a decoder 417.
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The RF processor 411 converts an RF signal provided from
the duplexer 400 into a baseband analog signal. The ADC 413
converts the analog signal provided from the RF processor
411 into digital sample data.

The OFDM demodulator 415 converts time domain sample
data provided from the ADC 413 into frequency domain data
through Fourier Transform (FT). For example, the OFDM
demodulator 415 converts time domain sample data into fre-
quency domain data through Fast Fourier Transform (FFT).

The decoder 417 demodulates and decodes a signal pro-
vided from the OFDM demodulator 415 according to a modu-
lation level (i.e., a Modulation and Coding Scheme (MCS)
level).

The controller 420 controls a general operation of the
transmit end and controls information transmission. For
example, the controller 420 controls to apply a BCS provided
from a BCS generator 424, to an SA preamble provided from
a preamble generator 422. In an exemplary implementation,
the controller 420 applies each bit constituting the BCS to
each subblock constituting the SA preamble. For example, it
is assumed that, in a case in which a frequency band is S MHz,
a segment 1D is ‘0’, and an SA preamble transmitted using
one antenna is composed of 8 subblocks (a, b, ¢, d, e, f, g, and
h), the BCS has a binary value of ‘00000000’. At this time, the
controller 420 sequentially applies each bit of the BCS to each
subblock constituting the SA preamble, like applying a first
bit ‘0’ of the BCS to a subblock ‘a’ constituting the SA
preamble, applying a second bit ‘0’ to a subblock ‘b’, and
applying a third bit <0’ to a subblock ‘c’.

In a case in which the controller 420 applies each bit of the
BCS to each subblock constituting the SA preamble, the
controller 420 converts ‘0’ among a sequence value of each
subblock constituting the SA preamble and a bit value of the
BCS into ‘1°, and converts the ‘1’ into ‘-1’. After that, the
controller 420 multiplies the converted sequence value of
each subblock of the SA preamble by the converted bit value
of the BCS of the SA preamble to update the SA preamble,
reducing a PAPR of the SA preamble.

The preamble generator 422 generates a PA preamble for
time synchronization with a receive end and an SA preamble
for its own identification. For example, as illustrated in FIG.
1, the preamble generator 422 iterates subblocks constituting
an SA preamble of a S MHz band to generate an SA preamble
of'a corresponding frequency band. For another example, as
illustrated in FIG. 2, the preamble generator 422 generates
SA preamble sequences for the tone dropping support by
dropping the farthest sub-blocks of the reference bandwidth.
At this time, the preamble generator 422 receives subblock
information constituting the SA preamble from the storage
unit426. Here, an FFT size corresponds to a certain frequency
band.

The BCS generator 424 selects a BCS for the SA preamble
generated in the preamble generator 422 among BCSs
included in a BCS table provided from the storage unit 426, in
consideration of an FFT size, a segment ID, and the number of
antennas transmitting the SA preamble. For example, in a
case in which TD has not been used, the BCS generator 424
selects a BCS for reducing a PAPR of the SA preamble from
a BCS table constructed in Table 1 above, in consideration of
an FFT size, a segment ID, and the number of antennas
transmitting the SA preamble. Here, the FFT size corre-
sponds to a certain frequency band.

On the other hand, in a case in which the TD has been used,
the BCS generator 424 selects a BCS for reducing a PAPR of
the SA preamble from a BCS table constructed in Table 2
above, in consideration of an FFT size, a segment ID, and the
number of antennas transmitting the SA preamble.
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The storage unit 426 stores the subblock information for
generating an SA preamble, and the BCS table.

The transmitter 430 includes an encoder 431, an OFDM
modulator 433, a Digital to Analog Converter (DAC) 435, and
an RF processor 437.

The encoder 431 encodes and modulates a transmit signal
or control information according to a corresponding modula-
tion level (i.e., an MCS level). For example, the encoder 431
encodes and modulates an SA preamble applying a BCS
provided from the controller 420 according to a correspond-
ing modulation level (i.e., an MCS level).

The OFDM modulator 433 converts frequency domain
data provided from the encoder 431 into time domain sample
data (i.e., OFDM symbols) through Inverse Fourier Trans-
form (IFT). For example, the OFDM modulator 433 converts
frequency domain data into time domain sample data (i.e.,
OFDM symbols) through Inverse Fast Fourier Transform
(IFFT).

The DAC 435 converts the sample data provided from the
OFDM modulator 433 into an analog signal. The RF proces-
sor 437 converts the baseband analog signal provided from
the DAC 433 into an RF signal.

In the aforementioned exemplary embodiments, a wireless
communication system can maintain the same subcarrier
interval at a different frequency band by means of TD. At this
time, an inverse number of the subcarrier interval represents a
symbol duration and, therefore, the subcarrier interval may be
represented by the symbol duration. That is, the wireless
communication system can maintain the same symbol dura-
tion at a different frequency band by means of TD.

Also, in the aforementioned exemplary embodiments, the
BCS generator 424 selects a BCS for an SA preamble gener-
ated in the preamble generator 422 among BCSs included in
a BCS table provided from the storage unit 426, in consider-
ation of an FFT size, a segment ID, and the number of anten-
nas transmitting the SA preamble.

In accordance with an exemplary embodiment of the
present invention, the BCS generator 424 may select a BCS
for an SA preamble generated in the preamble generator 422
among BCSs included in a BCS table provided from the
storage unit 426, in consideration of a BW transmitting the
SA preamble, a segment ID, and the number of antennas
transmitting the SA preamble.

In accordance with an exemplary embodiment of the
present invention, the BCS generator 424 may select a BCS
for an SA preamble generated in the preamble generator 422
among BCSs included in a BCS table provided from the
storage unit 426, in consideration of the number of subblocks
of'a transmitted SA preamble, a segment ID, and the number
of antennas transmitting the SA preamble.

As described above, exemplary embodiments of the
present invention can advantageously reduce a PAPR of an
SA preamble, by transmitting the SA preamble using a BCS
designed to reduce the PAPR ofthe SA preamble in a wireless
communication system.

While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims and their equivalents.

What is claimed is:

1. A method for transmitting a Secondary Advanced (SA)
preamble in a wireless communication system, the method
comprising:
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12
identifying an SA preamble;

identifying a block cover sequence based on a segment
IDentifier (ID) and the number of antennas;

applying the identified block cover sequence to the SA
preamble; and

transmitting the SA preamble,
wherein the identifying of the SA preamble comprises:

if tone dropping (TD) is supported, obtaining the SA pre-
amble by dropping farthest sub-blocks of a reference
bandwidth from a direct current (DC) subcarrier on both
sides.

2. The method of claim 1, wherein the identifying of the SA
preamble comprises:

repeating basic sub-blocks according to a Fast Fourier
Transform (FFT) size; and

identifying the SA preamble composed of the repeated
basic sub- blocks.

3. The method of claim 2, wherein the repeating of the
basic sub-blocks consists of a single repetition if the FFT size
corresponding to a frequency bandwidth is expanded from
512-FFT size to 1024-FFT size and consists of three repeti-
tions if the FFT size corresponding to the frequency band-
width is expanded from 512-FFT size to 2048-FFT size.

4. The method of claim 1, wherein the identified SA pre-
amble comprises at least one of an SA preamble of a 10 MHz
band and an SA preamble of a 20 MHz band.

5. The method of claim 1, wherein the identifying of the
block cover sequence comprises:

identifying the support or non-support of the TD;

selecting any one of at least two tables, which comprise
block cover sequences, depending on the support or
non-support of the TD; and

selecting a block cover sequence from the selected table, in
consideration of the segment ID and the number of
antennas transmitting the identified SA preamble.

6. The method of claim 5, wherein, in a case that the TD is
not supported, the selecting of the table comprises selecting
the following table comprising block cover sequences
denoted by a Fast Fourier Transform (FFT) size, the segment
1D, and the number of antennas transmitting the identified SA
preamble:

FFT, number Segment ID

of antennas 0 1 2

(512, 1) 00 00 00
(512,2) 22 22 37
(512,4) 09 01 07

(512, 8) 00 00 00

(1024, 1) OFFF 555A 000F
(1024, 2) 7373 3030 0000
(1024, 4) 3333 2D2D 2727
(1024, 8) OFOF 0404 0606
(2048, 1) 08691485 1E862658 4D901481
(2048, 2) TF55AA42 4216CC47 3A5A26D9
(2048, 4) 6F73730E 1F30305A 77000013
(2048, 8) 2F333319 0B2D2D03 0127271F.

7. The method of claim 5, wherein, in a case that the TD is
supported, the selecting of the table comprises selecting the
following table comprising block cover sequences denoted by
a minimum value BW,, ;. the segment ID, and the number of
antennas transmitting the identified SA preamble:
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BW,,,,, number Segment ID
of antennas 0 1 2
(6.25,1) 0AA0 OFF8 0008
(6.25,2) 0F68 0650 0458
(6.25,4) 0300 0300 0908
(6.25,8) 0140 0000 0100
(7.5, 1) 000C 1008 0990
(7.5, 2) 0C24 1558 OF58
(7.5,4) 1B08 030C 1904
(7.5, 8) 0140 0400 0510
(8.75,1) 0C10 229A 2554
(8.75,2) 335A 146C 3C10
(8.75,4) 1320 0252 2406
(8.75, 8) 0140 0404 1514
(11.25,1) F7FDCEF3 29D51936 6B59CC03
(11.25,2) 005A0F80 00000000 00000000
(11.25,4) 00AF6AR0 00E65280 00A45900
(11.25,8) 00230000 00A30200 00090800
(12.5,1) AC1AD967 602F7D20 96771160
(12.5,2) 000F7000 01FF0000 00000040
(12.5,4) 00AF6AR0 00E65040 00C45900
(12.5,8) 015B0940 00030C40 01190540
(13.75, 1) 4F56FD74 COF7EEAD 55459EDB
(13.75,2) 012C1BAO 030177A0 02266200
(13.75, 4) 024C2400 03155920 01CF59A0
(13.75, 8) 009B0800 02830D20 02190420
(15, 1) DAD99B4F 96771160 CCF40660
(15,2) 00CC5ABO 015411D0 020E0050
(15,4) 038C2470 02D559C0 048F58D0
(15,8) 009B0820 02830D10 06190420
(16.25,1) 492F4A63 3785F431 AFCB95FD
(16.25,2) 065A5ADO 06543808 080F4C50
(16.25, 4) 0D335A70 01146C70 053C10D8
(16.25, 8) 09932018 0D025248 00240640
(17.5,1) DD37B03D 81418C78 A47BAAA9
(17.5,2) 10C36614 1B553644 0F9A5524
(17.5,4) 19B35A4C 13146C44 03BC1030
(17.5,8) 1223234C 09525248 1B04042C
(18.75, 1) 56849127 7TEBE7387 4B958D3A
(18.75,2) 2BAS55AD4 029C6D58 13590072
(18.75, 4) 3D73734C 0F30306C 2B00000E
(18.75, 8) 05232312 21525272 04040414.

8. The method of claim 1, wherein the applying of the
identified block sequence to the SA preamble comprises
applying the identified block cover sequence to each sub-
block constituting the identified SA preamble.

9. The method of claim 8, wherein the applying of the
identified block cover sequence to the SA preamble com-
prises:

mapping each bit {0, 1} of the identified block cover

sequence to real number {+1, -1}; and

multiplying the each bit of the identified block cover

sequence to all the sub-carriers in the corresponding
sub-block of the identified SA preamble.

10. An apparatus for transmitting a Secondary Advanced
(SA) preamble in a wireless communication system, the
apparatus comprising:

a controller configured to:

identify an SA preamble,

identify a block cover sequence based on a segment [Den-

tifier (ID) and the number of antennas, and

apply the identified block cover sequence to the SA pre-

amble; and

a transmitter configured to transmit the SA preamble,

wherein the controller is further configured to:

identify the SA preamble, and

if tone dropping (TD) is supported, obtain the SA preamble

by dropping farthest sub-blocks of a reference band-
width from a direct current (DC) subcarrier on both
sides.
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11. The apparatus of claim 10, wherein the contoller is
further configured to:

identify the SA preamble by repeating basic sub-blocks

according to a Fast Fourier Transform (FFT) size, and
identify the SA preamble composed of the repeated basic
sub-blocks.

12. The apparatus of claim 11, wherein the controller is
further configured to:

repeat the basic sub-blocks a single time if the FFT size

corresponding to a frequency bandwidth is expanded
from 512-FFT size to 1024-FFT size, and

repeat the basic sub-blocks three times if the frequency

bandwidth is expanded from 512-FFT size to 2048-FFT
size.

13. The apparatus of claim 10, wherein in the case that the
TD is supported, the controller is further configured to iden-
tify the SA preamble using at least one of an SA preamble of
a 10 MHz band and an SA preamble of a 20 MHz band as the
SA preamble of the reference bandwidth.

14. The apparatus of claim 10, wherein the controller is
further configured to select a block cover sequence from any
one table, which is selected depending on the support or
non-support of the TD among at least two tables comprising
block cover sequences in consideration of the segment ID and
the number of antennas transmitting the identified SA pre-
amble.

15. The apparatus of claim 14, wherein, in a case in which
the TD is not supported, the controller is further configured to
select a block cover sequence from the following table com-
prising block cover sequences denoted by a Fast Fourier
Transform (FFT) size, the segment 1D, and the number of
antennas transmitting the identified SA preamble:

FFT, number Segment ID

of antennas 0 1 2

(512, 1) 00 00 00
(512,2) 22 22 37
(512,4) 09 01 07

(512, 8) 00 00 00

(1024, 1) OFFF 555A 000F
(1024, 2) 7373 3030 0000
(1024, 4) 3333 2D2D 2727
(1024, 8) OFOF 0404 0606
(2048, 1) 08691485 1E862658 4D901481
(2048, 2) TF55AA42 4216CC47 3A5A26D9
(2048, 4) 6F73730E 1F30305A 77000013
(2048, 8) 2F333319 0B2D2D03 0127271F.

16. The apparatus of claim 14, wherein, in a case in which
the TD is supported, the controller is further configured to
select a block cover sequence from the following table com-
prising block cover sequences denoted by a minimum value
BW,,.... the segment ID, and the number of antennas trans-
mitting the identified SA preamble:

BW,,,,, number Segment ID

of antennas 0 1 2
(6.25,1) 0AA0 OFF8 0008
(6.25,2) 0F68 0650 0458
(6.25,4) 0300 0300 0908
(6.25,8) 0140 0000 0100
(7.5, 1) 000C 1008 0990
(7.5,2) 0C24 1558 0F58
(7.5,4) 1B08 030C 1904
(7.5,8) 0140 0400 0510
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-continued -continued
BW,,.;,,, number Segment ID BW,,.;,,, lumber Segment ID
of antennas 0 1 2 5 of antennas 0 1 2
(8.75,1) 0C10 229A 2554 (17.5,4) 19B35A4C 13146C44 03BC1030
(8.75,2) 335A 146C 3C10 (17.5,8) 1223234C 09525248 1B04042C
(8.75,4) 1320 0252 2406 (18.75, 1) 56849127 7EBE7387 4B958D3A
(8.75,8) 0140 0404 1514 (18.75,2) 2BAS5AD4  029C6D58 13590072
(11.25,1) F7FDCEF3 29D51936 6B59CC03 (1875, 4) 3D73734C 0F30306C 2B00000E
(11.25,2) 005A0F80 00000000 00000000 10 (1875, 8) 05232312 21525272 04040414,
(11.25,4) 00AF6A80 00E65280 00A45900
(11.25, 8) 00230000 00A30200 00090800 ) ) )
(125,1) AC1AD967 602F7D20 96771160 17. The apparatus of claim 10, wherein the controller is
(125,2) 000F7000 O1FF0000 00000040 configured to apply the identified block cover sequence to
8;2 g; 8??;39‘1%0 8853638‘;% 8??;055928 each sub-block constituting the identified SA preamble.

5, 15 : : :
(1375, 1) AFS6FDT4 COFTEEAD  55459EDB furlﬂi: The Iaipparfli‘atls.of claim 17, wherein the controller is
(13.75,2) 012C1BAO 030177A0 02266200 €r conligured to:

(13.75,4) 024C2400 03155920 01CF59A0 apply the identified block cover sequence to the SA pre-
(1375, 8) 009B0OR00 02830D20 02190420 amble by mapping each bit {0, 1} of the identified block
(15,1 DAD99BAF 96771160 CCF40660 cover sequence to real number {+1, -1}, and

15,2) 00CCSABO 015411D0 020E0050 20 multiply the each bit of the identified block cover sequence
(15,4) 038C2470 02D559C0 048F58D0 1l the sub ers in th & b-block of
(15, 8) 009B0820 02830D10 06190420 :101 a'dt ‘;%u d—csairlers 1nlt)1e corresponding sub-block o
(16.25,1) 492F4A63 3785F431 AFCB95FD e 1dentifie preamble.

(16.25,2) 065ASADO 06543808 080F4C50 19. The apparatus of claim 10, further comprising a storage
(16.25,4) 0D335A70 01146C70 053C10D8 unit comprising information of at least two sub-blocks con-
(1625, 8) 09932018 0D025248 00240640 25 stituting an SA preamble and a table of a block cover
(17.5,1) DD37B03D 81418C78 A4TBAAAS sequence for reducing a PAPR of at least one SA preamble
(17.5,2) 10036614 1B553644 0F9AS5524 q ) p :

#* #* #* #* #*



